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This document contains information affecting the national 
defense of the United States within the meaning of the 
espionage laws, Title 18» U. ,S. Code, Sections 793 and 794* 
The transmission or the revelation of its contents in any 
mariner   to  an  unauthorized  person  is   prohibited  by   law. 

It is forbidden to make copies of or extracts from thio 
document by other than naval activities except by special 
approval of the Secretary of the Navy or the Chief of Naval 
Operations,   as   appropriate. 

Naval activities are forbidden to make copies of or 
extracts" freaT'tnXs document except as provided in Article 
0910,   U.   S.   Navy Security Manual   for  Classified  Matter-19S1. 

This publication is classified RESTRICTED. It is a 
no.rir eg is t er ed document but shall be handled, stowed, 
transported and des'troyed as prescribed- by the applicable 
regulations for RESTRICTED classification. No report of 
destruction   is   necessary. 

This report is distributed to th? Chief of Naval Oper- 
ations, Attention :Op-32,2F2 (30 copies) and to the-Bureau of 
Aeronautics,   Attention TD-4   (10   copies). 
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The ft. S. Naval Air Missile Test Center was established at Point Mugti, 
California, by the Secretary of the Navy (SecNav Itr op-2%/mad Serial 1&73P24 
dtd 17 September 1946) effective 1 October 1946* It is an activity of the 
ELEVENTH Naval district. The Bureau of Aeronautics, exercises management and 
technical control over this activity. 

The primary mission of the Naval Air Missile Test Center is the testing 
and evaluation of guided missiles and their components. .NA'MTC is assigned 
cognizance over all facilities at Point Mugu, California, and outlying facilities 
on San Nicolas Island and the Santa Barbara Channel Islands., collectively 
referred to as the Sea Test Range. 
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Commander,  Naval Air Missile Test Center .....  Captain J.  N.  Murphy,   USN 
Commanding Officer,  Naval Ai!r Station .. ..s....... capjain M.  T. Evans:,  ÜSN 
Director of Tests, Naval Air Missile Test Center ...... Captain A. C. Packard, DSN 

Chief scientist,  Naval Air Missile Test Center ,,.,,*....,•  Dr.  R,. mller 
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Conventional types of control surfaces for missiles are compared 
with "bars." 'bar*    is   a   small   plate   placed   at   right   angles   to 
the chord of an airfoil at its trailing edge. Bars, which are 
also called "trailing-edge spoilers," were used on German subsonic 
test missiles. Aerodynamic data relative to bars and the influence 
of  bars   on  the   range   of   a   missile   are  discussed. 

It is pointed out that a bar is the only type of control surface 
that may;-be expected to combine effectiveness through the sonic 
range with small activating forces. It is suggested that tests 
of bars   in  the   trans.onic  ,and   supersonic, fange   are  desirable. .._ 

Missiles intended to be used in great numbers should: be siro^ie 
and reliable. Missiles that are designed to hit a fast-moving 
target .or that have a short time of attack must have* a control' 
system with short time lags. With conventional control surfaces, 
it is difficult to meet these conditions* Flaps., furthermore, are 
unreliable  near   the   speed  of  sound. 

'• « 

:
: — S»t-•"•*»': .-».eport   the  xerm^bar" will  be  used   to designate  a  small 
plate   attached   at   right   angles   to   the   chord   of -an  airfoil   at   its 
trailing edge. (See. Figure 1.) Such a bar, if deflected from 
•xxi% cehter pos i"i ion, •creates Sii t , LL . jQST"3"n»f~s~Te E>«rs;n üitfü 
successfully as control surfaces on German test missiles (Hs 293B, 
E» 117)   up  to Mach 0.84. 

Like spoilers, bars need very little energy to move them. Ä 
control, system With bars has, therefore, small time lags and is 
consequently   simple.      The   weight   Of   the   servos   is   small.      The 

f» 
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adva^*~&jg.e offered by abort time lags is especially large for 
missiles having automatic stabilization, which requires fast 
control system response- (Most guidance systems used for 
fast and accurate control require automatic stabilization 
even "if   the   missile   is   already  aerodynamically  stable.) 

At subsonic speed, the parasite drag of a bar i-s rather 
small compared to the lift it can create. The main disäd» 
vantage of bar» Is that their parasite drag exists even when 
no lift is being created. However, the influence of this 

JäjLO^_ÖJa^_tJi.e^a^änÄe-»-öf-~«^ml'asri^^"j^h^U'l^^'irn-JEi^iry"n^:o.eVs Be ciorJF" 
pensjated for by the weight saved in the control system of the 
m i-s-B iTe . 

s 
"         o .A 

V '"l 
" "'*' '«: 0 

°"\ 
fo# 

.  ?•   0 s 

o°1 "it 

*       "'A -    j 
<i 

~^W^ T1 
'   ~    ' °  ! 

-•-,i 

——3 

•&: 

^1 

—With the exception of airfoil incidence control, a bar 
seems to be the only type of control surface that may be expected 
to remain e-f feet ive through the sonic range. Tests with bars 
on non»sweptback wings and on sweptback wings ..ear and above 
the speed of sound should be made to determine their charac= 
teristics. The tests made by NAC& in the sonic range appear 
to be inconclusive .because the Reynold's numbers were too 
s maHi " =* 

Unless a particular gyidance„:and contrsi 3?s*sj^£isr;iB"»i*: 
fied, it is not possible to make a numerical comparison between, 
the bars and conventional control systems at supersonic speeds. 
It appears-, however, that bars have features which should make 
them valuable -for use in supersonic missiles. For example, it 
appear guthat, if bars are used, it would' be feasible to locate 
the longitudinal control at the rear o>f the missile,, thus «lini«' 
mizing,  the   difficult   wing   aeroe last ic   problems   of   supersonic 
missiles   and  avoiding   tail-wing   interference,. 

.- / 

Flap,* •-.-.'• 

For missile control, conventional flaps have certain dis- 
advantages. Hinge moments and mass are large; therefore, it 
requires a large amount Of energy to move flaps.. Especially is 
this   true   if   they mast .fee-moved ^capldLLv^   g< _! R J!K.:!s.!_!.y—n^aj «._,_._.. 

for missile control. (Hinge moments are dependent both on the 
angle of attack of the airfoil and on the angle of deflection of 
the flap; therefore, aerodynamic balance is possible only to a 
Irmtted extent. Furthermore, at sonic speed, this balanceis 
greatly disturbed.) Near the speed of sound, the effect of flaps 
often reverses, e.g. if deflected downward, they create a downward 
force instead of .aji„Jim?ar.a-1 i.t»     • — • — •—• •—:——— 
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Airfoil   Incidence  Control 
If a wing or control surface has no flap and control is 

accomplished by changing the angle of incidence of the whole 
surface, the effect of control movements does not reverse near 
the speed of sound. However, mess and' forces are extremely 
large, and complicated and heavy servos are deeded to move the 
surface. 

Spoilers 
It   is   possible   to   design   spoilers   so   that   Only   a   small 

force   is   required   to  move   them.     Uhen   deflected,   spoilers   have 
"los-ge" o7ir^Tisa~iTävtsn^fSr;~    "Some "das igixsT hs-vo   large   resis'iänce: even 
in  the  neutral  position.    Furthermore, &   considerable   time   elapses 
between  the  deflection  ef   the   spoiler   and   the  creation   of   lift. 

•At sonic speed their effect becomes uncertain, The decrease 
of, spoiler effectiveness near the sonic speed has received limited 
investigation in the tests reported in Reference 1. The models 
weafo tested only at a -near »sere angle of attack of the "airfoil; 
this may be the reason that the problem of control reversal was 
not  experienced. 

Structural Design 
The structural design of the bars used on German missiles 

is ohOwn in Figure 2. The bar was a section of a hollow circular 
cylinder, with the. hinge axis located at the center of curvature. 
Two or three hinges were, used for.a bar.. Long, slots, were used as 
rivet holes so that moments of any direction cculd be transmitted 
between bar   and   levers, 

The ratio T/H (thickness of bar over its height) was 1/8 
to 1/10 for steel; for Duralumin, T/H was chosen about fifty per 
•cent -greater.     The' edges-  of   the.  bar  were- well pointed'. 

Usually, a ratio of H/c (height of -bar over wing chord, 
see Figure 1) of -0',.:Q'2'6 was used. However, H/c = 0.04 was also 
used in a case where an especially large effect Was .required.. 
The elevatorsi extended over ab&ut .seventy to one hundred', per cent 

_o.E--t:he— a-pah•.. a.f t he KojLi.g-gjat-s-1 st-ab-ill.z irig .siur£.ac:ei.._:ä-nd—fche—- 
ailerons extended over about ten per cent Of the wing span. In 
söEse  ease'9'i   only- one- w/'ing- was   fitted with « aileron.        -••--_ - •    -   - 

Performance   at   Subsonic  Speed . , 
Some   aerodynamic   data   for   subsonic   speeds,   derived   from 

tests   performs»d   at  ;a  Reynold*«   number   of J9^10^,,.   are   given fro,m 

mica 
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memory in Appendix Ä. The properties of bars are comparable- 
to those of spoilers. They hove, however, several advantages 
over   spoilers: 

Their   aerodynamic   properties   are   almost   linear.     Their 
aerodynamic time lag is as small as that of flaps. Their 
effect    is   quite    independent    of    the   angle    of   attack   of    the 
airfoil - in fact, they increase the maximum lift by about 
the same amount as they increase the lift for zero angle of 
attack. If deflected in the opposite direction, however * 
they   decrease   the   maximum   lift   by    only    fifty   per   cent   of 

_'t-;hs.t.'-_a!«'Qaj:n,,t-«- -   r   ^   . ._ •. - — ••         _..~ — -    -   ^ ---- --.--— - 

Their effectiveness is almost independent öf Mach number 
Up to about Mach 0.88. For slow motion, the energy to move a 
bar from middle position to extreme deflection, for the German. 
design,   was   about 

E    = 
max 100,000 

where  c  = wing  chord  and Lb_       =   lift   on control  surface  created max 
by maximum deflection of the bar. Of this value,, about one- 
half was caused by friction in the bearings (ball bearings were 
not used), about one-quarter by inaccurate shape of the bars, 
fend one-quarter by eir forces acting at the edges of the bar 
and the levers supporting it., For. flap control or for airfo.ii 
incidence control, t.he energy required is at: least a hundred 
t imes   ,g r«a t e r . _ -  . 

the   ratio Pb/Lb is   1/1*5   to   1/20   (Pb  -  paraaite   drag 
o:f the bar),, depending on the. sise of the bar. This is quite 
,a good' value. However,,, the 'disadvantage of bars is that, the 
pa-ras'it-e  d,*ag> remains  even when  no: lift   is   being created,. 
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The trailing edge of the wing in front of the bar was. 
made of solid .material, vis..,, cast magnesium with mac.hin®d, 
S'Urfaee. Airfoil buss or flutter «as not experie^nced' in .-any, 
appliceition..    .Airfoils Were  not placed, in the wake   of  a bar.. 

Influence of the Use of Bars on- the Design of.ä Subsonic !31ssH4 
^,; , It is   re la t:lyel y-.gajg;^ 
of drag when bars,, instead of flaps,, are used on a missile. Th» 
weight saved. In the ,servö. s.yä.t.ea can b.c esfcabl.ia.hed' only -foe -e_ 
knpwn design of a f lap- cont rolled missile. The increase 'ifo 
per f orniahce and reduction in weight of the missile that s?höf t 
time lags make possible can only be determined after a redesign 
of   the   control   and   guidance   system of   the   missile. 

V la m 
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The Hs 293 was a German air-to-gröund missile with a total 
weight of 2,300 pounds. The air-frame was automatically stabilized 
in roll, but hot in pitch. The shift from flaps to bars made it 
possible to change from the proportional elevator deflection to a 
fast »changing full up-down motion,, in which the continuous effect 
was achieved by changing the ratio between the up-time and the 
down-time. This resulted in faster missile response and in an 
extremely simple control system. The power required for servos 
.dropped from 350 watts; to SO watts and the weight of control 
equipment from 150 pounds to 50 pounds. By replacing the battery 
W i tha n air s c r ew-d r i-v-e.n gene r a tor the weight was further d ecrease d, 
to 30 pounds. This figure includes the weight (about 9 pounds) 
of the control computer in the missile and that of the servos. 
It may be expected that similar improvements can be achieved in 
» *er missiles. The small power requirements make it possible to 
avoid   the   use   of   hydraulic   or   pneumatic   systems. 

m 

The objection may be raised that bars do not permit the 
short time lags achievable with wing incidence control. Since 
their maximum lift coefficient is only 0.35, sufficient lift can 
only be created by using bars at t;he ta.il surfaces. However, if 
some care is taken in the missile design to. «sehieve a small 
moment of inertia around its pitch axis, the missile time lag 
need: be only 0.15 or 0.2 seconds. Since the lift oi most mis'siles 
is closely proportional to the elevator deflection, this time lag 
i» well suited to the smoothing of noise. As a rule, the time 
lag of the highly powered servo systems of wing incidence control 
is a pure loss - regardless of whether this: lag is in the servo 
systems themselves or applied in, front o?f them for smoothing 
purposes. j:" 

"; ^ H 

The   influence   of   the   drag   of   bars,   compared  with   that   of 
conventional   controls,   on   t.he   range   of   a   subsonic   misrsile,,   is 
i-nvg'SFrga^«d^~Fn"Appi.nd;ix B. 'Because of tihe weight" saved ~in"~£ne 
servo system, missiles with s fairly large angle of climb- will 
gain in range if this saved' weight is; used to increase the si.z& 
of   the   rocket;   missiles   flying  horizontally  «ay   lose   range. 

Performance   in .ffie   Temhsonic Range 
For   the   transonic   range   no   test   results   for   bars   »n   hoh- 

aweptback  wing.s   .are   available.      Hence,   such   tests   appe-ar   to 
be in order. The>re exist only the results OT a test (Keier- 
MtfJ,). covering the range up to Mäch 1.05 on a 4'S-di.e.gr.;e>e 
sweptback wing.; In this test the effective Mach-number (Me.ff - 
0.75) was considerably smaller than in the wind tunnel tests 
described- in Appendix A. The Reynold's, number was below Jl-'0$ . 
Oscillations   occurred   at   speeds   hear   Mach   1..0-,   ard   therefore 

^~~ti-*.—-i~*t^ <.&J\e . ,te.Sx    r-BSU-ixs   appear,   xo   Pe   M'ti.en'ij'*?i_ „£i«-_._-/»vi 

m lull 5 
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of the bar was considerably smaller than would be expected from 
the test in the high-subsonic wind tunnel of the Deutsohe 
Versuchsanstalt   fur   Luftfahrt. 

Performance   at  Supersonic  Speed 
• At supersonic speeds, a bar creates a shoc'k wave in front 

o£ it (Figure 3). An increased pressure exists in the smalt 
region., A, between this shock wave and the bar, arid this results 
in a lift, LL, on this part of the airfoil. This lift should be 
independent of the chord, c, of the airfoil, as long as c>A, and 
of its angle of attack, as long as this angle is small. Wind- 
tunnel   tests   should  be   made   to  determine  L^  and Dt.     As   no  other^ 
independent variables are involved, except Mach number (and, to 
some extent, Reynold's number), such tests should be comparatively 
inexpens ive. 

Some information about the values r.i lift and drag that 
might be expected can be derived from existing wind tunnel tests 
and from tests performed in shallow water (see Appendix A)t 

Although this information is in no way conclusive, it indicates 
that lift-to-drag ratios of 4 may well be expected for a bar on a 
sweptback airfoil up to a Mach number of 1.7 or 1.8» If the bar 
is hidden behind the bluntly cut-off trailing edge of an airfoil 
(see Figure 3, right)» the drag of the non-def1ected bar can be 
reduced»   especially   at  high  Mäch  numbers» 

-I-n Appendix   B,    section   5,    an   investigation   is   made   of 
Hie   influence   that   different   values   of   Db/Lb««^,   might   have   on 

ID a A 
the riange of a supersonic monopla>ne missile if bars were used1 as* 
elevators,. The feasibility of using bars depends upon the purpose 
and the design of the missile.. As a rule , if the weight of the 
control and: servo system can be reduced by an amount equal to 
5 to 10 per cent of the weight of the propulsion system, range 
will not be lost by using bars. Such weight reductions msy well 
be  expected-. 

Because wings of supersonic missiles usually have a very 
small aspect ratio, the inter ference between wing, and control surface 
is particularly high. As a rule, this is combined with some loss 
(i.e.,. increase of weight and drag). However, the chord of a control 
surface in frönt of a bar can be kept small (Figure 3) arid the inter- 
ference effect thus kept small. With bar control, it appears 

—,«t'^ Q,Q. -t.K I;«» -in./ln»a,».it.",t.liii., (..;|,gi;.a-t nr   on   a ..s.e par -astje,— stir f, ajcä.„ifljL. the. 
r-ear   (see  Figure- 4). 

Because of the tihinness of supersonic Wing sections, it is 
impracticable to use flaps or air foil-incidence control for roll 
stabilization. It should always be possible, however, to1 mount 
and   operate'  a bar   near   a   wing,   tip; 

t§fc> TOj|S5?e3wni»•«,»wr~-•~"~ 
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The use of bars should be considered whenever a simple 
control and servo system is desired« Although bars have greater 
drag than conventional control surfaces, their use makes possible 
marked reductions in the weight of the control and servo system. 
Consequently, a net increase in the range of a missile may well 
result from ä changeover to bar control. This, will be especially 
true for missiles that have a considerable angle of climb (e.g., 
Ü degrees> or a colin id« r^STeTncreaSe in speedrdur iug ihsfir "-"- 
flight. 

In order to answer the question of whether or not bars 
are feasible for flight at supersonic speeds, the lift and drag 
coefficients of bars at these speeds should be determined by 
some simple tests. A lift-drag ratio of 3 or 4 would be large 
enough to render the use of bars advantageous at these speeds 
for   at   least   some   types   of   mij.ailes. 
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AERODYNAMIC DATA FOR BARS 

><    * 
Tests  with  a   model   having   a   10-foot   chord   (Reynold's   number 

3*106)  were  performed  at a low Hach number   (Ms  0*15)-  in  the   large 
Wind    t'Unne'X    Or    ins    1/V&*   (iJGSU.-.sV"^    T CT ?-uu«B'esiBt.-a £ i     s-taa-    £j«-fl vK-e3Bis-«-e 

Berlin-Adlershef) in co-operation with tha Kenochei Flugzeugwerke, 
Schonefeld bei Berlin. These test results are quoted from memory; 

«KT 

JL-fti, 

The fully deflected bar on a wing with infinite aspect ratio 
gave a lift coefficient with reference to the wing area in frönt 
öf the bar, c.j, and with reference t-o the frontal area of the 

H/c =0.026 

;L =0.29 

H/c = 0.04 

CL " °' 3;^' 

"LAb = 11 -LAb = 9 

For the bar in the middle position,, the drag coefficient was 
about cDÄb - O.i for H/c = 0.026, and CJJ^ = 0.7 for H/c = 0.04. 
For t-he defTected bar", the coefricreni for tbe parasite drag was 
not accurately determined, but it did not seem to be much higher. 
Thus the ratio of lift to parasite drag ranged between about 
12  awl  20. 

The lift created by the bar was proportional to the amount of 
bar deflection and quite independent of the angle of attack of 
the wing (Figure 5). The maximum lift of the wing was increased 
by about the same amount &is tbe iift for smaller angles of attack. 
For large negative angles of at'tack (.Figure le). the- ©Meet of 
bar dof lection dropped to about SO per cent of that for positive 
t«.ng"les   of -a.t'tsac'k'. -..„,.:. 

Teats in the high-subsonic wind tunnel Of the BVL showed that, 
•up to approximately Mach 0,85., the lift was nearly J-ndependent of 
Mach number. 'Tbe. drag coefficient &&,& no-t dete.-rsi'i.ned'.. The 
Reynold's  number  was   approximately  2.. 5*10*. 

No sys-teraatic tests at supersonic speedis were made in Germany. 
©n-iy & very small mod« 1, of a .t-aiLle.ä-s missile (Figure 6,)_»..'Fäo 

tested in the supersonic wind tunnel of the Aerodynamische. 
Versuchsanstalt,  Öoettingen.    "The  bar  was   s.üf'iici.entiy e-ffeeflve 

^^..i^-^^Ä.^^^j^ imm.m 

the ois'sile was designed ,(M < 1...4.) • 

American wind tunnel tests of shock waves in front, of cones and 
of disks are described in-Reference 3-     The pressure immediately 

Jk_. 
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behind   the   shock tfave   and   the   stagnation  pressure   at   the   center 
of   the  disk  are   knwn  frora  theory.     Knowledge   of   these   pressures 

•*-   -   »A.w4   «Hält«   to  be   made   of   the   pressure   distribution 
-      . -  «     .i*    aLB    ja- ii• "T fc. A     (urea    <•* n    nn    flip foil     1J^ Im, the »pace I« front ol the disfc.^ in- rorce a« j____," d__ 

IBS, i,ir se ie freist   off   a   *har»   of   the afta&e   «="   -     
of   this  bar. can     hen  be   calculated (Thai  pressure   benind   the  bo* 
was  assumed  tobe   «era )    These   forcaa  ate  given  in Figure   7  

Primitive   teats»    in wJ njeh   piste»   ser«   aoved   through   shallow 
aioni lat e   the 
Bonic  speed  
i,ij   the    for ceo 

«later,   have  been perforated  at  ilÄBIC.     These   testa' 
two-druensional   floe   in   front   of   a   plate   art:   sup et 
The   re1 au 1 f:a  were   eva.luafed   by   the   above   metbod   an 
ore   alss^eivss-in *ig-uca- 7«- . For Joe  auperaenis   Bach  numbers  
the tests   gave  similar  valuea for  lift  and drag.    At high mach noadbera, 
howavtr,   the   aimd   tunnel    teats    ahiei   a   sore   rcpid   drop   auf   the: 
11f't   c ce f f ie lent •      This «IIf'ference   is{ pi'obab 1 y dune    in  the ' an.»n, '££ — Do   the  difference   in gaa  constants  jr•,,   for   the   two  teats  |~:"' = 
1,4   for   air,   but   2   for   the   aha lion  water) and   to differencea 
between   three-   and   two-dimensional    flow, 

Both  test*  showed  that  a   lift-to-drag rotio nf  over  2: may be 
ea pected   for   a   bar   on   s   non-ay eptbacfc w i ng  a t  Mac li  nnabe r s   be I ew 
1,5      Should  future  wind  tunnel   teats  with  actual _bars  «"«nf in 
the  sharp drop of   L/D  with  Eloch number,   then the  airfoil  should. 

-•>»  MPBI b a c k_> Sä.« P,ijH  back   the   airfoil   inc reaa e s    the   L'D   value 
of  a bar   not   only  because   of   the  reduction of   the  effeetive KBCO 

number,   but   also  because   the   drag  component   in   the   flight 
- —«-       »i. -     "i im 

ii free tion  dee re aae a  by where v - sweep angle.     Thus,   Li G1TCCUBI1    'ie i. icons    ».",»'    ...    -, --- -   - 
values   of   5   may  possibly  he   achieved   up   to   a   Stach number   ef   1.6. 
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IHFLUEHCE OF   BARS  OK  MISSILE  RANGE 

I.     Method of Comparisons 

If   the   design   of   a   missile   is   changed   from   a   conventional 
^.fp-e  of   cctotrol   surface   to   bars«    the  range of   the  missile  will 
fa*   altered1.     Ha»   increase   the   drag of   a aissile    but   their   use 
permits a reduction in the «eight of the servo and control ay*tea. 
In t h s f o 11 oni in 6 c o ua p s r i s o n i *: is a 3 3 u n e d that t: he a n f i re a a v in g 
in servo and control system neight in used to increase the s,äxe 
of the poner plant. Thus the drag increase introduced by the 
hara i a coiint:eracted by the £ncrease in poner plent thrust: • "I'ha 
range will be changed by fiB. Should the saving in »eight he |iut 
enough,   the enlarged notor will   h&  able  to deliver   the  increased 
thrust   for   the   sane   length   of   tine annul  the   range  will,   COM a«1« 
quentl y •   be unchanged,   i <•< e.  ÄR iiai  •. 

For  the   following nonpariaon,   it  is   also  asauwwd  that,   angle 
of ei lab, ape e d,   BI ad   • i ir   resist anc e o f   i b e  n i s s i I e   o r e    oaf fie ion t • 
ly constant   to persii   the   use   a I   average   values   for   the period 

_sjr_£-»»_t»a-«i.»_     Ths- fo11 ©v. in5 *y»jfe©jl-e=nweJIIged -for_Jih_e oa.iasi 10 
with conventional   control   surfaces: 

'0 •  average  total  weight   of   the  whole nissile  (includes half  ***. 

0' •   average   «isht   of   the   propulsion   system   (includes   half    the 
M||l ll""1 IK* " 

weight  of  the   fuel) 

ft•  average  total   drag of  the fissile,   including drag  caused by 
accelerations  necessary  lor  guidance 

c   average   speed 'Off „the nissile 

IIB:   range   01    uiue   raxs^iic 

•»#•, 

f '•   average   angle of  cliwh 

'„Aw«=   increment   of   speed off,   the  nissile during  ita   flight 

i; •• acceleration of  gravity 

t:  IB1 R/V »  tine  of   flight of   the   saissiie 

T •• D  +  a   sia   "/  +  &v   '    B/gfc  a   average   thrust   ds^eioped    by    t he- 
ps opu1s i on   3y s te» 

1  «=   Tt   =   total   fcnpulse   developed   by   the  prönulaion  aysten, dutfing 
the. f.lS.'ghit;  of   the aiSaiiaii,le       , __  __,_  ,^_ 

••''111 
Wi"*S"JT'i,'•^!!i¥'| 
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For the design changeover to bars, the following symboIs are 
used:        •   

AD 
S
 increment of dreg 

Aw_ = decrement of weight of control devices and servos 

AWps increment of weight of the propulsion system 

Al e increment of impulse 

AT 
C
 increment of average thrust 

As • increment of range of the missile 

It is asisumed that, when the design is changed., the speed V 
and the average total weight of the missile,, B-, are unchanged .and 
that the weight saved in control devices and servos, U , ig used 
to increase the weight of the propulsion system by .        _____ 

Awp » Aw, 

thus increasing the impulse', I, by At,.  It is assumed that 

Ai 
i 

AwT 
•w P 

(1) 

(2) 

This impulse gain,, Al, is partly used to overcome the increase 
in drag 

AT •• AB 

•and partly  to increase  the  range,   algebraically,   by As. 

•Before  the' change,   the   impulse _i;s 

  , '  I. g.-T.t. a T.g.-. ....._.     . . 
trr-- 

t7ith  the  change,   the   impulse   changes  by 

M. _ AT + fa 
_-   . -   i "    f .    a.-. - 

•,••   A^x|ta'es &Ä'v**o —i^ i ^.|- ~t"__6'l-f    '»»«    i %*'Y-1     f« AS   ~_c • c A' as fc~* O ai  'yjCcVut 

AR 

R 
__!». __. AD . Aws 

»p w, 
(4) 

rp        ,D/W *'. sin  r * #v/gt 

- r^^fffift&fäSi&iiqmm»*.** 

77 Sfc^ftvl •   J; 
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In case the air density changes considerably during the flight o*f 
the missile, the average value of density has to be considered in 
computing AD  and  D. 

If £&L > 0,   range  is   gained  by   the  change;   if  AjS < 0,   range  i-.o 
los t • 

2.     COMPARISON  WHEN   DIMENSIONS Of   BARS   ARE  KHOWH? 

The  following, symbols   are   used   for   the  missile   with  conven- 
tional   control   surfaces: 

S   =   *ihg   area,    taken    as   a   reference   area   for   the   aerodynamic 
coef fi cien ts 

c'=  wing   chord 

_t. .1.-1  

max 

sar5'   fo-r   control 

n„ =  maximum   load   factor.,   co-ordinated   to CT max - J->, 

C, -   maximum   lift    coefficient 
max 

j(£«5_^^dfca:e^^o^£fJLcie^ 

q  =  impact   presssure 

'©, i no.r em-ent   of   drag   coef licient   caused   by   convent ion si 
control surfaces  of   a  missile,. ^wi-t-h   reference   to  wing, area» 

The  dimension's  of   the  bars  <a'r,e   given  by: 

St   ^    t'h'B't  part   of   the   total,   airfoil   area,   including   a t.ebil i si:«V| 
surfaces,    that   i:s   in   front   of bars   (Figure   1) 

H' = average height of bars 

b *'"3 ^b * sum of the frontal areas of all bars used on the 
mis.-si le.   • 

H",0T;E s  It is assumed that the trailing edge_ is only slightly 

*D, 'A, 
'"   drag, coefficient of a bar with reference to its frontal 

area. 

DK   =   drag  created b,v  all  bags,  used on, the wir..B.Li.e..~ 

»ei 
*5 .;*•• fei 

^i^» ^^i^V-W^ftÄ-i^«*^.«*^^ .  p 
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if 

D 

^A  ' 

<CD>n 

"max 
vmax 

If  Av  =   0,   Equation  (4)   yields: 

AR :^5 
CL 

Wn   +-U max     sin  y 
max 

or 

AR s 
-    HI      — np 

.    H   . - cT 

*«-.   v      JL       max 
<CB>n   + n" sin   r max 

(5) 

(Ss) 

If the altitude changes considerably over the path of the missilet 

t.he aveira.ge value of air density has to be- considered in com- 
puting n 

S. 

max — 

CüHrftKTrswih" Än:tH ~aTÄiBTTTTTV-CU"RU i ii wn 5~ "Ä!iTErKifirWirr 

The   following  comparison   considers   only   pitch control   of   a 
mono mn g mis sile. 

Symbols: 

h^ = toed factor for which equilibrium of moments around the pitch 
axis; exists witih .unde flee ted control surface, for ä middle 
value  of   e.g.   position   and   a middle   value   of  Mach   number 

d     =   distance between   the  center   of   gravity  and   the   neutral   poAnt 
v~^ .^.^ »-—:—  f-ö-y—•* ^53S—C"r-w-=—t«i«.«4..t4_on — = ~__—-         , , .-,   „ - ,_i_, . ~~ 

An s   a  change of   load   factor   from  nm 

e. = the ma.gal t.jsde of Jttis jnsxijnöa expected change of distance 
between center of pressure and center of gravity for n^i 
The   total   relative   shift   of   these   two   centers   may   reach   2e 

max maximum Joad> factor needed for guidance 

a  s distance between the center of gravity ,£hd the location of tc 

>m nLorii-iuilii 15 
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the lift on the control surface the*: must be created in order 
to establish static equilibrium of moments: 

aLc = Wd An + We (n^, * -An) 

Leo= maximum value of LQ.     For nm = % max, and for d/e positive 
(as it must be considered), L = _ occurs for n„„„.: 

co a  nmax (l + £ ä) 
e (6 , 

V-J 

a   factor   (f > I)   fepresexi.ting  the   reserve   of   elevator   effect 
necessary to create   angular   accelerations 

mas 
E   maximum  lift   on   control    surface,   which   must   be   created 

by   elevat or   deflection 

h. =    f . L 
ma-x co (7) 

;UsJ 
•  ' <s 

". ,-*)-, 
r,j* 

''"  ** < 

£••* J»?*_s 

*" ,0 ;-o 

fr""•i 

Ml 
K'*f 
*&'•][ 
*<n'<JL 
ri£ 

Dc = average parasite drag: created by conventional «onts-ol 

D.^ * parssit-e drag created by bar elevator 

?y? fscz' 

Hth AD  =  D;b — Dc,   Equations   (6)   and   (7)   yield 

f „    «    n / i   +   i   d)   £b £c 
a       max   v 2   e     kr« 

m ax 

(8) 

This  may  be  introduced  into  Equation  (4).. 

»'.      NUMERICAL  EXAMPLE  FOR  Ä  SÜBSÖHIC;• H I SSI LE: 

For   an   aerodynamically   stable   subsonic   missile,    the  dimen~ 
iS'ipn.Sr"e-jf_ .the:jbläjiÄ .axe.  ä.s.s'jmedL^td  be.. khöOTn",:. __,. -~„  

H/c     =  0.03 

._,. ~ %/S  =   1/3 

The drag coefficients are assumed to be-: 

eD    •=   0.65 

CD     =   0.001S 

(CD)n^ Ö.Ö4 

ESTRIGTEB 
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The  maximum   load   factor   shall   be   n. 
for   h.= .      shall   be CT max ^. =   0.8. 

max "   t;    tne   iitt   coetficient 

iiiaS 

With   these   assumptions,    Equation   (5a)   yields   the   values 
plotted   in  Figure   8. 

5o      NUMERICAL   EXAMPLE   FOR   A   SUPER SON I C  Ml SSI LE: 

It is assumed that the missile is stabilized during the boost 
phase by additional stabilizing surfaces attached to the boosters. 
For the remainder of its flight, e/a - 1/40 may be considered as 
a sufficiently high value for a missile that is designed to fly 
without large control accelerations, e. g. ^ n

max ~ 2; e//& = l/3'Ö 
for a missile with nffl^ = 6. For an aerodynamic a 11y stable 
missile., f c 1.2 should establish sufficient controlvrj?s«rve for 
angular   accelerations,    and   f or -a" coat to 1 - st «bill eed  ssrrsilej 
f = i.s. 

In Tabl e I, two types of missiles sr; 
flying horizontally at high altitudes with a good glide angle 

"(D7,%E"+rTili y = 0 ,"2"5"" aff(Jr.a, s tsiaTiT SxliuFTdce ief at i on | and ä 
surface-to-air missile having, at an average altitude.,, a maximum 
acceleration of 6g, and a value of D/L + sin y of 0.6. The assump- 
tions   are   siiEimari zed   in   the   upper  part   of  Table   I.      For  ^b/^bmgj,.* 
u.-i5;5:, tineweigni or conrroian^setvo system mu.s-xr pe reoucea" oy 
approximate-ly 10' per cent of, the weight_of the propulsion system, 
if   the   range  -for   both   types  of   controF~surrac.es   is   to  be the same. 

As another example may be cho.sen >,a sho-rt rah.gre air=tc = air 
mis'S'sl-e which is accel era-ted by- x ,ts rwain rooket in s;uob a w«y 
that,, at the end of its flight, the speed is, 500 ft/sec higher 
than at launching (Av = 50.0)., The tame o;f flight is 12 seconds; 
For   medium   altitudes,,   n_.      =   15,   B/W   =   1.5   are   assumed  and   for 
high   altitudes,   ^m^n   =   6.   D/W  =0.6, 

__>--_~mo»       , . _--_; ,     ^ J*}£    .t-^ . 

Assuming   Pc/Lc 

=   2   and  y =   Ö: 
0.. 25, 

max 

=   9.7  per  cent   for  medium   altitudes 

5.2  per  cent   for   high   altitudes. 

i-*~. 

imm 

v*& 
"-«i»S»!«B»««»S4^*«i^»»c»K?i!»-^^ 
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Comparison, for a Supersonic Missile for Av = 0, D-/L-, 0.1 
max 

max 

d/e = 

-* - __ i*.  . _ 

e/a = 

B/W + sin 7 

AB/W fox 

Aerodynamics11y 
stable  missile ' 

&i ax 

?  0.25 

2 

2 

A   «   At 

1/40 

0.2 

3.6% 

1,8% 

6 

2 

1/30 

0.6 

9 .,,6% 

Control      stabilized 
missile 

, AÜ/T   for = 

Dtj/Lj,       =   0. 4 
max         -  • - 

18 to 24% 

*   0«2S 9% 1,2% 

2 

0 

-1-.--S— 

1/40 

0.2 

2. 2% 

- i. 1% 

6 

0 

1/30 

0.6 

<6% 

3%. 

- •   __   \ t 

11,3% is% ;; 

5,. 6% 7.5%: 
1 

.• *d n 

|M;| 

[Rüttln 
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Fig..   i. •A "fear" i.s g small surface attached^at the trail inn 
edge and at right ari.gle to the chord. If deflected 
from   its   cent er posit ion   it   creates   a   lif.t   L,L.. 

activating  r-Pd 

Q slot in bar 
y to rivet tfie 
,'fcj, lever on 

rn: 
^^ 

thickness  of   lever 

jFig..   2.     5tractard   design  p./  o   bar   /or   a  German   utissil 

mmim 
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Fig,   3.     4t supersonic spe.i'^bar should create a shock 
wave in front öf'U^and lift L\.,... T^e^g i tfft t /zond 
siöe ctesign gives less drag of the undetected 
-kar   but  higher, dr a&_ of the   deflect *,,^,i\:     •:.'..!  ^_ 

:-.„s-\t 

Fig.   4.     Wi th   h ar   cön irö I   i t   app ear s   feasible   to   lo c at e 
the   elevator   at   the   tail  of   q  sup ;r s.on i:c  missile. 
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ack   of   airfoil. 

full   bar   deflection; 

Eniddle   position. 

Fig. 5. Lift coefficient- ty, created oy oar -a-ej-i ecxzon 
at subsonic speed, quoted from, the author's memory,. 
H/C =   0.Ö-26, 

Fig. 6. Wind tunnel model of (kerman missile designed fo>r' 
low supersonic speeds snowed sufficient effect' 
of   bar   elevator s . 
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Cn for deflected' or undefiected- bar -behind pH'ate, and C.L and ,b/'D for. deflected 
bar behind .plate from evaluation of the wind t-unne;l: te:sts Re.f, 3, 

;L/.0jjj • n    where t;he lift  L of the de flee ted bar  is derived1 from kef. 3 and 

^mi;n, pf the wedge behind' wh=ic:h the uhdef Tecte.d bar nay be hidden 
is, theor.et icaliy computed1*    The total wedge ängie is d: 

Cn, C,   and L/D derived from  tests in shallow water 

l.rv any ease,, zero pressure  is assumed ;beh>ind the bar.     AM  coefficients 
_:a:te_.ajLYj5.ii^ijtiL^jeife 
of t*e bar. 

Fig.   7,     Lifi   and  drag   cos« seed  by   bars  on   no n- swept   wings 
at   supersonic   speed. 
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0 .12 

The  peri-met'eyf   of   the_ cairye.s   is___„   __ , .  

AW . _   W»t.    saved 'by :bar   control 
if-"   ^~ Av*   wt.   of  propulsive   systteni 

•AR/? > ^ indicates increase  i;n ra ng:e .res;u;Tt i;ng from bar control;' 
A f?/',? < Ö   indicates decrease  in range resulting  from bar cohtro.il,. 

fa 

• V    ".    fcf 

Fig.   8i     Range   comparison  for   aerodynamic ally   stable   sub- 
sonic   missile- ' 
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